Supplementary Text
Optical racetrack resonator with GeSe 3
To further validate the resonance wavelength shift of the optical racetrack resonator with GeSe 3 from thermal annealing we estimate the effective refractive index change based on the wavelength shifting in Fig S16d, based on the relation below 56 :
where, and are the resonance wavelength shift and the relevant initial resonance ∆ 0 wavelength (Fig S16d) , l and L are the length of GeSe 3 and the total length of the racetrack (Fig 4c and Fig S16a) , and are the change and the initial value of the effective index Δ * eff * eff0 of the waveguide region with GeSe 3 (Fig 4a) , and is the effective index of the silicon eff0 nitride waveguide ( Fig S16a) .
As shown in Fig S16d, the control device shows wavelength shift after annealing which could be attributed to the removal of residues on annealing. The actual of the device with GeSe 3 ∆ is obtained by deducting the shift value of the control device. At 380 °C annealing, the actual is -0.663 nm with = 1587.85 nm. Using Eq S1, we obtain of -0.0649. On the other ∆ 0 Δ * eff hand, using the finite difference eigenmode (FDE, Lumerical Inc.) simulations, we get the effective index of the waveguide with GeSe 3 film (Si 3 N 4 /GeSe 3 ) before and after annealing to be 2.059 and 2.01, which gives of -0.049. This discrepancy could come from the Δ * eff scattering between the optical mode of Si 3 N 4 waveguide and Si 3 N 4 /GeSe 3 part that contributes to the extra wavelength shift. Figure S1 . Reflectometry measurements of Ge 2 Sb 2 Te 5 thin film on a Si substrate. The instantaneous change in the reflection at 150 0 C indicates amorphous to crystalline phase transformation Figure S2 . A 90 nm thick GeSe 3 film on silicon and platinum substrate. Annealing at 360 0 C in ambient conditions for 6 mins results in the blueshift of the resonance peak by ~27 % Figure S3 . A graph illustrating the magnitude of shifts in the resonance peaks as a function of the thickness of asdeposited GeSe 3 , after thermal annealing at 370 0 C for 6 minutes in laboratory conditions Figure S6 . TEM micrographs of a focussed ion beam milled sample highlighting the interface between GeSe 3 thin film and the silicon substrate. The GeSe 3 film is homogenous (no voids) and forms an interfacial compound at its interface with silicon Figure S7 . Laser Patterning of a 170 nm thick GeSe 3 thin film. The pattern is written using a 6.25 mW/532 nm laser. A clear contrast in the colour can be noted after laser exposure. Figure S8 . (a) Schematics of active Raman modes in GeSe alloy (b) Raman spectra of a 90 nm GeSe 3 film and (c) a 125 nm GeSe 3 on p-doped Si substrate, before and after annealing at 370 0 C for 6 minutes in room conditions. Notably, the 262 cm −1 peak that corresponds to Se-Se bonds get diminished and the overall intensity of the film decreases. These measurements are performed at low laser exposure to avoid photo-induced modifications. Figure S9 . (a) Raman spectra of the film optically exposed to continuous UV Exposure. Ge-Ge segregation is evident at 302 cm -1 and (b) optical micrographs of a GeSe 3 film on exposure to pulses of a UV laser. At high power the film ablates (see inset) and even higher power the Si sample degrades Figure S10 . (a) Top panel illustrating circular topological features scattered in annealed samples (independent of annealing environment). These features are rich in Se as revealed on the energy dispersive X-ray maps and (B) TEM diffraction spectra of such a region reveals this region is amorphous as the rest of the film Figure S11 . (a) The top panel is a photograph of 72 nm GeSe 3 coating on quartz sample before and after annealing at 330 0 C in a vacuum. Such samples significantly block the transmission of UV while maintaining good visible and full infra-red transparency, making them very relevant for such as photodetectors and lenses where UV could be degrading. Wavelength-dependent filtering is highlighted in the bottom panel, where UV can be blocked as much as by 80 %, while visible and infra-red can be appreciably transmitted. (b and c) Simulated reflectivity spectra of planar thin-film Ag (30 nm)/GeSe 3 /Ag (30 nm) cavity before and after thermal treatment, respectively. The illumination source is normally incident with arbitrary polarization. Note that the lossless nature of the GeSe 3 film enables near-perfect transmission with sharp resonances. Annealing adds tunability through broadening the resonances Figure S12 . Tauc Plots of a 25 nm GeSe 3 film in as-deposited and annealed states. The absorption coefficient (α (cm -1 )) is calculated using the relation α = 4πk/λ, where k is the extinction coefficient. The value of the exponent in the equation (αhυ) r denotes the nature of electronic transitions, and it being 2 in GeSe 3 film suggests the material to be a direct band-gap semiconductor. The bandgap of the films deduced from fitting with a linear equation is 4.177 eV for the as-deposited states and 4.48 eV for the annealed state As-Deposited Annealed Figure S13 . Optical transmission through a 25 nm GeSe 3 film coated quartz substrate. The film is very transmissive in the visible and infrared both before and after annealing. The UV is significantly absorbed and blocked by the film. Figure S14 . (a) Optical micrograph of a racetrack resonator without GeSe 3 film. The racetrack has the same dimension as that of the device in Fig. 4 , where the length of the straight part and the coupling length between the racetrack and the bus waveguide is 110 μm, the radius of the bend is 50 μm. The gap distance (d gap ) between the racetrack and the bus waveguide is 0.9 μm, while d gap of the device in Fig. 4 is 1.0 μm. (b and c) Transmission spectrum (b) and the calculated Q factor of the racetrack resonator in (a) at different annealing temperatures. (d) The resonance wavelength shift of the resonator devices without and with GeSe 3 as a function of annealing temperature Figure S15 . Free spectral range (FSR) of the racetrack resonators without (a) and with (b) GeS e3 thin film, as a function of annealing temperature. Figure S16 . Simulated data of GeSe 3 thin films of varied thickness on the Pt substrate. Note the contour blue shift between as-deposited and annealed states. Figure S17 . Energy dispersive X-ray spectra of a 90 nm thick film before (a) and after (b) thermal annealing at 370 0 C. The stoichiometry between Ge:Se is 1:3. Figure S18 . Refractive index of GeSe 3 thin-films in its as-deposited and annealed states (6minutes/room conditions) on a silicon substrate. The refractive index drops as a function of the temperature. Figure S19 . Structural changes from aging. Raman Spectra of a 90 nm GeSe 3 film in the as-deposited state just after fabrication (blue trace) and after 6 months (red trace). The vibrational modes overlap and maintain their intensity ratios.
